I. INTRODUCTION

I
N general, many imaging apparatus that had been developed to be used as an early scanner to map or find possible harmful cell in human body. Planar gamma camera (for a 2D imaging) or Single Photon Emission Computer Tomography camera (for a 3D imaging) are some examples of devices that are able to do such scanning.
In this study, we are focusing on simulating a Low Energy High Resolution (LEHR) multihole and wire mesh collimator gamma camera systems. This project employs Tc-99 m Sestamibi as radionuclide tracer [1] . The source is isotropic, and emits photons at 140 keV. One of the problems with the conventional multihole collimator is that the lacking of sensitivity ( 0.01 to 0.1%) as a trade-off for acquiring a better resolution. Due to this problem, it has limited the ability of the multihole collimator gamma camera to detect tumor or cancer at an early stage. Clinical scintimammography with traditional Anger cameras studies have also shown decreased sensitivity for tumors less than 10 mm in diameter, largely due to the small volume of the tumor and hence low of total activity. Furthermore, there are other factors that limits the capability of a gamma camera, which include both the collimator configuration and the size of the detector pixel. The wire-mesh collimator is a new concept of semi-collimator and semi-coded aperture. It was first introduced by Chamberlain [2] using three layers of wires, however the attempt was unsuccessful. Later, it was suggested that more layers of wires were needed as having only three layers in order to stop high energy photons was considered too optimistic. Soon afterwards, Ogawa and Kato [3] , [4] had implied the layering concepts with rods as a collimator. However, our preliminary investigation has discovered that their configurations are not suitable for a general human body imaging due to the presence of false side peaks. In the recent development, there are two optimal configurations proposed in [5] . However, the optimal configuration of the wire mesh collimator was determined based on simple source definitions. Enhancing from that, this paper aims to investigate further about the performance of the wire mesh collimator in dealing with extended sources using breast cancer as our study case.
There are several researches on collimator or coded aperture in response for breast cancer scanning requirement using gamma camera with Tc-99 m as a radionuclide tracer [6] - [8] . Using a normal collimator, Gruber [6] found that higher collimator sensitivity will provide higher tumor signal to noise ratio yet will only provide small increase in the observed tumor full width half maximum (fwhm). Using a coded aperture, Alnafea et al. [7] showed that the sensitivity of the modified uniformly-redundant array-coded aperture (MURA-CA) is comparable with the multihole collimator, although in the aspect of image contrast, MURA-CA has resulted low in comparison with the multihole collimator.
This paper continues with the description of the simulation environment in the next section. It includes the simulation set-up used to construct the emission sources, the collimator and the detector. Next, the results and discussion are presented in Section III and the conclusion is discussed in Section IV.
II. SIMULATION ENVIRONMENT
The Monte Carlo technique is a numerical method used to obtain an estimation solution of a problem which depends on a random process. Monte Carlo physics simulation packages attempt to provide essentially a physics-library of all possible interactions. In order to utilise the package, users need to define the geometry and the nature of radiation sources only, by assuming that the cross sections of the materials, types of interactions and the probability of each path length of particles or rays emission are taken care by the code. These features can be utilized to simulate a complete imaging process in a 0018-9499/$25.00 © 2009 IEEE gamma camera. In this research, Monte Carlo N Particle Code (MCNP5) is used to set the geometry of the collimator, detector and sources [9] , [10] . MCNP5 also provides tally to the full events recorded in one or more defined surfaces or cells. In this case, the full events are referred to the total number of photons emit during the ten minutes of scintimammography session. The raw output data given by the tally will be processed and analyzed separately upon the completion of the simulation. An acceptance window of 10% centred at the energy of the photopeak is used (126-154 keV).
There are three types of collimator simulated in this project: the multihole collimator, the first optimal configuration of wire mesh collimator (WMC1) and the second configuration of wire mesh collimator (WMC2). The multihole collimator is simulated as the benchmark to evaluate WMC1 and WMC2. These configurations are proposed in [5] . WMC1 is designed to have higher sensitivity than the multihole collimator, whereas WMC2 is designed to have approximately similar sensitivity and resolution as in the multihole collimator, yet carry less weight than the latter.
The basic parameters of the simulation environment largely follow the principles of Toshiba GCA7100A clinical gamma camera. The validation of the imaging system is published in [11] , [12] . To address the issue of backscatter by the photomultiplier tubes array underneath the detector, a Pyrex slab with a density of 66% is used as a replacement. This follows the method used by Vries et al. [13] to model an effective backscatter compartment.
A. Wire Mesh Collimator Gamma Camera
Wire mesh collimator gamma camera has been introduced recently [5] to lift the weight of the original conventional multihole collimator. The structure of the wire mesh collimator is unique because the layers are interchangeable, and one may choose to have a good resolution or a good sensitivity or any configuration in between. Table I shows the specifications of the collimators. The multihole collimator that we use in this work is a collimator with square holes type. The approximation of these square holes compared to the hexagonal holes are done in [14] , [15] .
There are two optimal configurations proposed [5] : the first configuration (WMC1) reduces 60.5% of the original collimator (in Fig. 1(a) ) and the second one, WMC2 reduces 48.8% of the collimator (in Fig. 1(b) ). These two optimal configurations were tested and benchmarked with comparison to the multihole collimator using a simple point source and a square source located in air and cold water. The difference between WMC1 and WMC2 is marked in terms of the presence of the extra entrance and exit walls. Since wire mesh collimator is designed to have many interchangeable layers of wire, therefore any number of wires could be possibly inserted in between of the two layers (see Fig. 1 ).
As shown in the figure, WMC1 has an alternate filled of wires, while WMC2 has extra wire walls located in between of seven entry layers, and seven exit layers. In comparison with the conventional collimator, the proposed collimators are made from a series of wire meshes, located in stack while the multihole collimator is made from a big slab with parallel pipes holes. This unique configuration enables the reduction of the weight in contrast of the original multihole collimator. Both collimators used in this experiment are made of tungsten to stop gamma rays of 140 keV.
B. Breast Phantom
The breast phantom used in this work is constructed as in Fig. 2 . Spherical sources of Tc-99 m isotropic sources that emit 140 keV photons that represent the tumors are located inside the breast with uniform background activity assigned to the surrounding media [6] . The upper body torso phantom was represented by a parallelepiped of filled with tissue-equivalent material. All tissue atomic compositions were taken from the ICRU report 44 [16] . The breast is represented as semi-compressed with dimension of by assuming that the breast material density is similar to the substance found in the uncompressed breast.
To investigate the performance of the collimator, tumor was fixedly positioned at 3 cm depth from the surface of the breast. Theoretically, a tumor as tiny as 0.20 cm diameter can be detected by this system due to the size of the collimator hole, however because of the count limitations are inherent with the imaging of the tumor cells, the result will be affected with the Poisson noise contributed from the background activity.
Although this work is conducted on a dedicated scintimammography utilizing a small field of view (FOV) [17] , the simulation of background and other organs activities are important to model a realistic camera environment. Photons from background could also be deposited which will contribute as noise. A background activity density of 80 is assumed for the torso and breast phantom sections, while the heart activity density is assumed to be 10 times greater than that. In that case, given the heart volume of 268 and total phantom volume of 10950 , the total phantom activity is around 1.07 mCi.
III. RESULTS AND DISCUSSION
There are two criteria that become the basis of the evaluation: the sensitivity of the imaging system and the contrast to background ratio.
A. Sensitivity
The sensitivity of any imaging system can be defined based on the number of photons captured by the detector. In scintimammography, the number of photons captured by the detector depends on the activity of the cancer, which is measured by its tumor to background ratio (TBR) and the size of the tumor. For example, tumor activity density is assumed to be 400 for . Different sizes of tumor will give different activity rates. Fig. 3 shows the number of photons deposited purely from the tumor. The figure shows that WMC1 has the highest number of photons detected by the gamma camera. This is predictable because of the loose arrangement of wire meshes in WMC1. The result shows WMC1 potentiality to be used to detect cancer at early stage compared to the given results of multihole collimator. However, it takes sufficient amount of tumors' contrast for an effective clinical diagnostic.
Meanwhile, the performance of the multihole collimator and WMC2 is almost similar. This is an expected trend, as WMC2 is designed to achieve similar performance with multihole collimator, in addition of carrying less weight [5] .
B. Contrast to Background Ratio (CBR)
CBR provides the contrast value of the tumor in comparison to the background activity detected in an image. It can be calculated as: (1) In the previous criterion, WMC1 has shown potentiality upon detecting tumour at early stage, as it is able to detect more photons at lower TBR and smaller lesion size. To measure the quality of the detected tumor, we calculated the CBR for each of the cases presented earlier and plotted in Fig. 4 . Based on this figure, we can see that WMC1 consistently yields higher CBR for the cases of smaller size of lesions. However, as shown in the figure, for these cases, all values are under . They indicate that the contrast of the tumours are just slightly higher than the contrast of the background, which makes resulting . For the cases of bigger size of lesions, the output images of WMC1 start to degrade (relative to other collimators) due to the broad spread of the recorded photons and the multihole collimator starts to produce higher CBR due to more photons registered at the detector and focused beam.
IV. CONCLUSIONS
The performance of the wire mesh collimator is evaluated and benchmarked against the multihole collimator for breast cancer detection. The results imply several conclusions. First, the proposed WMC1 and WMC2 gamma camera are set to perform as natural as the normal multihole collimator. Second, with the unique arrangement of wire layers in WMC1, more photons from the tumor of lower TBRs and smaller lesion sizes are able to be detected. However, our investigation on the CBRs of WMC1 shows that the presence of the tumour is insignificant. Nonetheless, based on the fact that there is a unique characteristic and pattern of the results given by WMC1, these open up the possibility for future improvement of the output images of WCM1 for early breast cancer detection. This could be apprehended by using post-processing techniques applied to the output images. Similar trends of results are expected for other types of cancer.
